
From: Beahm, Catherine
To: Lancey, Susan
Cc: Moore, Todd
Subject: Pyrolysis Oil
Date: Thursday, November 14, 2013 3:02:28 PM
Attachments: Regulatory_Status_of_Pyrolysis_Oil_under_EPA_Combustion_Rules.docx (2).pdf

Ensyn Overview to Dartmouth_April20131.pdf
RFO Description Fuel Spec and MSDS1.pdf

Hi Susan,
We have a vendor interested in selling pyrolysis oil in NH. Attached is a determination they submitted in
which they argue the product is a fuel and thus when burned, the device in which it is burned would be
covered under 40 CFR 63, Subparts DDDDD or JJJJJJ. Do you concur? Do you have any other facilities
in Region 1 that are thinking of doing this and have received a determination under the NHSM rule? Also
attached is a description of the product.
We believe it meets our definition of bio-oil: “Bio-oil” means a liquid fuel derived from vegetable oils,
animal fats, wood, straw, forestry byproducts, or agricultural byproducts using noncombustion thermal,
chemical, or biological processes, including, but not limited to, distillation, gasification, hydrolysis, or
pyrolysis, but not including anaerobic digestion, composting, or incineration. This makes it exempt from
our state toxics rule.
Let me know what you think. A hospital is considering converting over from #4 fuel to this product.
Cathy Beahm
Technical Assistance Specialist
NH Department of Environmental Services
Air Resources Division
P.O. Box 95
29 Hazen Drive
Concord, NH 03302-0095
phone: (603) 271-2822
fax: (603) 271-7053
email: catherine.beahm@des.nh.gov

P Please consider the environment before printing this e-mail.
-----Original Message-----
From: gtgosselin@aol.com [mailto:gtgosselin@aol.com] 
Sent: Thursday, November 14, 2013 2:45 PM
To: Beahm, Catherine
Subject: EPA Info
Cathy,
Thanks again for meeting with me today. Attached is the information on the EPA determination. Let me
know if this is sufficient.
Best Regards,
Greg

mailto:Catherine.Beahm@des.nh.gov
mailto:lancey.susan@epa.gov
mailto:Todd.Moore@des.nh.gov
mailto:catherine.beahm@des.nh.gov
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Regulatory Status of Pyrolysis Oil under 
EPA Combustion Rules 


Background 


On June 19, 2007, the DC Circuit Court ruled (NRDC v. EPA) that the unambiguous language of 
the Clean Air Act required EPA to regulate any boiler that burned any commercial or industrial 
waste material as an incinerator under Section 129 of the Act. This ruling had the potential to 
disrupt a large segment of the economy that burned waste wood as well as other boilers that were 
burning waste materials that were legitimate fuels. 


To respond to the Court order, EPA promulgated a rule under the authority of the Solid Waste 
Management Act, in which rules were established for determining what materials were fuels and 
what materials were wastes when combusted for fuel or used as ingredients in a combustion 
process. This rule is called the Non-Hazardous Secondary Materials (NHSM) rule. It was 
finalized on February 7, 2013 . Boilers burning fuels are subject to EPA boiler rules, and 
combustion processes (including boilers) burning wastes as fuel are subject to the incinerator 
rules. 


Materials Designated as Fuels under the NHSM 


The following materials are fuels 


• Traditional Fossil Fuels (coal, oil, natural gas, etc.) 


• Clean cellulosic biomass that has not been discarded 


• Scrap tires managed under the oversight of an established tire collection program that 
have not been discarded and meet legitimacy criteria 


• Resinated wood that has not been discarded and meets legitimacy criteria 


• Fuels that are processed from wastes where the final fuel product meets legitimacy 
criteria 


• Materials deemed to be fuels by the EPA Regional Administrator based upon a petition 
submitted. 


The EPA petition process is available and allows EPA to determine that a specific non-hazardous 
secondary material is not discarded and is not a solid waste when combusted. A second type of 
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EPA approval was added in the final regulation that allows EPA to modify the rule to exclude 
other categories of materials as wastes. Neither of these petition processes applies to non
discarded clean, woody biomass that is being processed into another fuel. In the first instance 
the feed stock is already a fuel , and in the second instance, there is no provision for a petition 
process regarding "processing" under the rule. 


Status of Pyrolysis Oil under the NHSM 


Since clean, woody biomass is a fuel under the NHSM, any fuel products produced from this 
material would also be a fuel. Thus pyrolysis oil, which simply is a gasified and then liquefied 
product of the original clean, woody biomass, is by definition, a fuel product as well. 


This defmition is self-implementing in the NHSM regulations and no EPA approvals are 
required. 


Fred P. Osman, P.E., BCEE 
President 








Producing Commercial Liquid Fuels 


From Cellulosic Biomass







Agenda


1. Background on Ensyn


2. Feedstock Sources


3. Emissions Overview


4. Technology Overview
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RTP™ History & Accomplishments


1989:


Commercial 


production, fuels 


and chemicals for 


food sector & $20+ 


1990-1998:


Scale-up, fuels and 


chemicals for food 


sector


1998-2005:


Development & sale of 


petroleum application for 


US$100 MM


2006-Present:


� Focus on renewable fuels


� Strategic partnerships


� Project rollout


� Chemicals upside
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1984:


Foundation


food sector & $20+ 


MM Liquidity 


Event







From Cellulosic Biomass to a Barrel of Oil 


Engine Fuel


(for power)


Biomass Feedstock RTP Process


Petroleum


Replacement Fuel


Broad and Deep


Addressable Markets


Maximizes the conversion of carbon in solid biomass to liquid carbon  


(in less than a second)
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Heating Oil
RFS2 Approval in 


Process


Refinery 


Feedstock
(transportation fuel)


RFS2 Approved


Stand-Alone 


Upgrading


(transportation 


fuel)
RFS2 Approved


The RTP Edge


� Non-catalytic process maximizes carbon 


conversion from solid biomass to liquid fuels –


and generates high liquid yields


� Gas and Char co-products used as source of 


energy to run the facility







� 20+ years of combustion experience in 


Wisconsin – over 15 million gallons combusted 


for heat


� Multiple recent commercial RFO 


demonstrations in different boilers  - Hosted at 


Ensyn’s partners & customers


RFO as Heating Oil


Ensyn’s partners & customers


� RFO can be co-fired or used alone in 


conventional commercial and industrial boilers 


� RFO combustion emissions compare favorably 


with fossil fuel


• SOx Reduction: >  99%


• NOx Reduction:   >  36%


• CO Reduction: >  72%







Ensyn’s Standard RFO Production Facility


� Yield, availability, product quality consistent with historical production


� Scale of reference facility minimizes the delivered cost of biomass


� Standard 400 tpd design (maximizes economies of scale while minimizing 
biomass price risk)  


Modular, Repeatable FacilityFacility Profile
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400 tonnes 


per day of dry 


biomass


~850 barrels per day, BOE


= 23 million gallons per 


year of RFO 


Capital costs of $60-$100 million, 


depending on existing infrastructure


Input 400 tpd clean biomass


Output


850 BOE/day


(23 MM Gallons/year of 


RFO)


Capital Cost $60 - $100 mm


Cash 


Operating 


Cost


$45 / Barrel of Oil 


Equivalent (BOE)


Construction 


Period
18-24 months







Ensyn’s Key Strategic Relationships


Key Strategic 


Relationships
Shareholders


Since 1996, Ensyn has 


returned 3x the amount it has 


raised in equity funding







Project Cornerstones


� Ensyn’s proprietary RTP technology provided under guarantee 


from UOP/Honeywell


� Feedstock is clean biomass from either stranded or non-


merchantable clean woody biomass from :


• Thinnings, harvest residues, and mill residues


� CONSTRUCTION & DEMOLITION (C&D) MATERIAL WILL NOT 


BE ACCEPTED


� Resulting fuel oil sold as liquid fuel replacement with virtually 


no sulfur and is good fit for district energy systems 
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Feedstock Sources - Certification


� It is expected that all or 


nearly all of our feedstock 


would come from certified 


land (FSC and/or SFI)


� This is also an important � This is also an important 


component of qualification 


for RFS2 credits (must 


demonstrate >60% GHG 


reduction)
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Feedstock Sources - Thinnings


Before Thinning After Thinning


The feedstock into the Ensyn RTP provides an important outlet for low-grade 


markets, which enables proper silvaculture and helps to maintain the working forest







Feedstock Sources – Residues







Feedstock Sources- Mill Residuals


� Chips


� Bark


� Sawdust


� Planer Shavings � Planer Shavings 







Criteria Emissions Profile


� Attractive emissions profile, 


especially compared to HFO


� Since RFO is “liquid wood”, 


deminimus amounts of 


toxins, metals, etc.toxins, metals, etc.


� Also believe that should be 


classified as exempt fuel in 


NH
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GHG Emissions Profile
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GHG Emissions Profile


32% 


Reduction 


to NG
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88% 


Reduction 


to Oil







How Is the RFO Made?







Questions?


Lee Torrens


Sr. VP, Project Development


Ensyn Corporation


ltorrens@ensyn.com


406-490-9831


Matthew Wolfe


Development Consultant


Mwolfe@MaderaEnergy.com


617-721-0972
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Renewable Fuel Oil Handling 


Renewable Fuel Oil Description 


Renewable Fuel Oil (RFO) is a dark liquid, with an appearance similar to espresso coffee and a 
smoky aroma.  It is a water-soluble, oxygenated fuel consisting of "depolymerized" components 
of wood or other biomass.  It is primarily carbon, hydrogen and oxygen.  Levels of nitrogen and 
sulfur are dependant upon the feedstock and are typically negligible for wood feedstocks.  The 
major organic components of the RFO are a liquid lignin derivative (lignin is that which holds 
wood fibers together and gives strength to trees and other woody plants), alcohols, natural 
organic acids, and carbonyls.  The table below shows a typical renewable fuel oil analysis, though 
the actual composition can vary with feed stock.  


 


 


 


 


 


 


 


 


 


 


 


 


 


The organic acid content gives renewable fuel oil an acidity which is comparable to vinegar.  As 
noted in the table above, the pH is typically >2.5 


Water is also a major component but is not a contaminant as is the case with petroleum fuel oils, 
since the water is fully miscible in the renewable fuel oil and contains dissolved compounds which 
contribute to the heating value.  It has a relatively low volatility and is an aqueous polar liquid that 
is not directly miscible with petroleum fuels.  Nevertheless, it can be used “as-is” as a substitute 
for fuel oil in boiler and engine applications, and has the potential for blending with petroleum if 
appropriate blending technologies are employed. 


 


 


 


 


 


 


Property Analytical Method


Water Content ASTM E203 (Karl Fisher titration) 24 wt%


pH ASTM E70-07 >2.5


Density @ 15 °C ASTM D4052 10.0 lb/USgal


Specifc Gravity @ 15 °C 1.20


Kinematic Viscosity @ 40 °C ASTM D445 25 cSt


Higher (Gross) Heating Value, As-Is Calculated 7528 Btu/lb


Lower (Net) Heating Value Calculated 6842 Btu/lb


Solids Content ASTM D7579 0.1 wt%


Pour Point ASTM D97 -13 °F


Flash Point ASTM D93, procedure B >143 °F


Elemental Analysis (moisture & ash free)


Carbon ASTM D5291 54.87 wt%


Hydrogen ASTM D5291 6.67 wt%


Nitrogen ASTM D5291 0.16 wt%


Sulphur ASTM D4294 <0.05 wt%


Oxygen Calculated, by difference 38.25 wt%


Ash ASTM D482 0.15 wt%


Typical
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Renewable Fuel Oil Handling 


RFO Fluid Properties 
Renewable fuel oil has a specific gravity of about 1.2.  Prolonged storage of RTP green fuel may 
result in a gradual separation of heavier components, therefore a method of recirculation or 
agitation is recommended for bulk storage. 


Refer to the table below for the viscosity of renewable fuel oil with temperature.  


 


 


 


 


 


 


 


 


Storage and Handling  


Due to the acidic nature of Renewable fuel oil, the preferred material of construction for tanks, 
piping, valves, etc. is stainless steel (e.g. 304/304L or 316/316L).  For small volumes, alternatives 
include brass, high density polyethylene (HDPE), and polypropylene plastics.  Gaskets and 
elastomers of choice include Teflon (PTFE), EPDM, or paraflours such as Kalrez. 


Storage at elevated temperatures may speed the aging process of RFO.  The effect of aging is 
for the renewable fuel oil to polymerize over time.  To mitigate accelerated aging the RFO should 
be stored at cool temperatures, ideally less than 20°C.  Most RTP green fuels can be expected to 
be stable for up to six months from the date of production in proper storage.   


Even after six months, the renewable fuel oil is generally still usable.  Ensyn has experience 
handling and combusting RFO which was over 2 years of age. 


Protective equipment should be used when handling renewable fuel oil.  Please refer to the 
MSDS included later in this document for appropriate handling measures. 


RFO should be stored in stainless steel (or stainless lined) tanks at cool temperatures.  Piping, as 
with all wetted parts, should be stainless steel and optionally heat traced.  Heat tracing should be 
low impact (i.e. <80°C contact temperature) such as that offered by self regulating heat tape or 
hot water tracing.  Excessive heating may accelerate aging and in extreme cases cause charring 
of the product.  Centrifugal or positive displacement pumps may be used, depending on the 
application and pumping requirement. 


RTP Green Fuel Viscosity
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Renewable Fuel Oil Handling 


Shipping Containers  


≤1 000 Litres of Renewable Fuel Oil 


Small quantities of renewable fuel oil can be transported with standard 
high density polyethylene drums or totes.  Test-scale quantities are 
typically shipped in this manner.  


 


≤25 000 Litres of Renewable fuel oil 


Standard ISO-containers can be used to ship RFO by 
road, rail, and over water.  This method is practical for 
larger scale trials over short periods of time. 


 


Long term 
transport by 
road is best 
accomplished 


using stainless steel tank trailers, similar to those used in 
the dairy and asphalt industries.  These tankers are 
insulated and sometimes heated which may aid in 
unloading in the winter.   


 


Clean-Up 


Cleaning of tanks containing renewable fuel oil can be accomplished by using solvents such as a 
mild caustic solution or alcohol, whichever is more convenient for handling of the cleaning 
solution. 


Since the RFO density is heavier than water and has an aqueous component, conventional 
oil/water separation as used in petroleum oil containment is ineffective.  Care must be taken to 
clean up any spills immediately with absorbent pads, etc. such that contact with rainwater or 
wash water is minimized. 


 


Storage Tanks 


The storage tanks for renewable fuel oil should be supplied with the above noted best practices in 
mind.  All wetted parts should be either stainless steel or coated with an appropriate material to 
protect the tank.  Temperature control for heating and/or cooling may be necessary where 
climatic extremes are expected.   The ability to agitate and/or recirculate the tank contents on 
itself should be provided. 


A sloped bottom is desirable to minimise the volume of tail that may be left in the tank. 


Conservation vents should be ducted to appropriate control devices if odour is a concern.  
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Renewable Fuel Oil Handling 


 


Instrumentation 


Instrumentation suitable in renewable fuel oil service is as follows: 


 Continuous Level Differential pressure with remote seals. 


 Point Level Vibrating fork. 


 Volumetric Flow Magnetic flow meters 


 Mass Flow Coriolis flow meter (Micro Motion only) 


 Pressure Any, with appropriate wetted parts 


 Temperature Any 
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Renewable Fuel Oil Handling 
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Renewable Fuel Oil Handling 
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Renewable Fuel Oil Handling 
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Renewable Fuel Oil Handling 
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Renewable Fuel Oil Handling 


 






